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Background and purpose — Recurrent dislocation is the common-
est cause of early revision of a total hip arthropasty (THA). We 
examined the effect of femoral head size and surgical approach 
on revision rate for dislocation, and for other reasons, after total 
hip arthroplasty (THA).
Patients and methods — We analyzed data on 166,231 primary 
THAs and 3,754 subsequent revision THAs performed between 
2007 and 2015, registered in the Dutch Arthroplasty Register 
(LROI). Revision rate for dislocation, and for all other causes, 
were calculated by competing-risk analysis at 6-year follow-up. 
Multivariable Cox proportional hazard regression ratios (HRs) 
were used for comparisons. 
Results — Posterolateral approach was associated with higher 
dislocation revision risk (HR = 1) than straight lateral, anterolat-
eral, and anterior approaches (HR = 0.5–0.6). However, the risk 
of revision for all other reasons (especially stem loosening) was 
higher with anterior and anterolateral approaches (HR = 1.2) and 
lowest with posterolateral approach (HR = 1). For all approaches, 
32-mm heads reduced the risk of revision for dislocation com-
pared to 22- to 28-mm heads (HR = 1 and 1.6, respectively), while 
the risk of revision for other causes remained unchanged. 36-mm 
heads increasingly reduced the risk of revision for dislocation but 
only with the posterolateral approach (HR = 0.6), while the risk 
of revision for other reasons was unchanged. With the anterior 
approach, 36-mm heads increased the risk of revision for other 
reasons (HR = 1.5).
Interpretation — Compared to the posterolateral approach, 
direct anterior and anterolateral approaches reduce the risk of 
revision for dislocation, but at the cost of more stem revisions 
and other revisions. For all approaches, there is benefi t in using 
32-mm heads instead of 22- to 28-mm heads. For the posterolat-
eral approach, 36-mm heads can safely further reduce the risk of 
revision for dislocation. 
■
Recurrent dislocation is the most common cause of early 
revision of a primary THA, while aseptic loosening is most 
often the reason for late revision (Phillips et al. 2003, Meek et 
al. 2006, Hailer et al. 2012, Howie et al. 2012, LROI Report 
2015, Australian Joint Registry Report 2015). In the Nether-
lands, 20% of revision THAs are performed for recurrent dis-
location (LROI Report 2015). 
Several risk factors for a dislocating hip have been identifi ed, 
such as implant orientation, surgical technique (both approach 
and surgical skills), sex, femoral neck fracture as indication, 
and neuromuscular disease (Mansonis and Bourne 2002, 
Guyen et al. 2007, 2009). In recent times, the surgical approach 
and use of larger femoral heads have received more attention as 
a possible solution to this problem (Hailer et al. 2012, Howie et 
al. 2012, Kostensalo et al. 2013, Stroh et al. 2013).  
Recently, the direct anterior surgical approach has become 
popular and the number of surgeons using this approach is 
growing (Christensen et al. 2014, Clyburn 2015, Sheth et al. 
2015). Several studies have suggested that there is a more 
stable hip and faster recovery if the surgical dissection is done 
using the anterior approach (Matta and Ferguson 2005, Barrett 
et al. 2013, Higgins et al. 2015). However, other studies have 
raised concerns about a possible increased risk of complica-
tions associated with the anterior approach—such as femo-
ral fractures, wound complications, and neurovascular injury 
(Kennon et al. 2003, Christensen et al. 2014, de Geest et al. 
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2015, Gwo-Chin and Marconi 2015). In addition, there is a 
long learning curve (de Steiger et al. 2015).  Another option to 
reduce the risk of dislocation is to increase the femoral head 
size. Several studies have proven this effect of increased head 
size, both in vitro and in vivo (Hailer et al. 2012, Howie et al. 
2012, Kostensalo et al. 2013). 
Our aim was to determine the effect of femoral head size 
and surgical approach on the risk of revision for recurrent 
dislocation after THA. We hypothesized that increasing the 
femoral head size would reduce the risk of dislocation more 
than would the type of surgical approach. Furthermore, we 
investigated other reasons for medium-term revision of THA 
associated with surgical approach and femoral head size. 
Patients and methods
The Dutch Arthroplasty Register
The Dutch Arthroplasty Register (LROI) is a nationwide 
population-based register that includes information on joint 
arthroplasties in the Netherlands since 2007. The LROI was 
initiated by the Netherlands Orthopaedic Association (NOV), 
and is well supported by its members, resulting in a complete-
ness of reporting of over 95% for primary THAs and 88% for 
hip revision arthroplasty (van Steenbergen et al. 2015).
For the present study, we included all cases with primary 
osteoarthritis that had received a primary non-metal-on-metal 
(MoM) THA, in the period 2007–2015 in a Dutch hospital. 
Patients operated for other reasons, such as avascular necro-
sis, dysplasia, and femoral head fracture, were excluded. 
To prevent a learning curve effect for the anterior approach, 
the fi rst 150 THAs from each hospital were excluded. The 
study population consisted of 166,231 non-MoM THAs. The 
median length of follow-up was 3.3 years, with a maximum 
of 9 years. Surgical approach was classifi ed as straight lateral, 
anterolateral, anterior, or posterolateral. Femoral head size 
was categorized as 22–28 mm, 32 mm, 36 mm, and ≥ 38 mm. 
The overall physical condition of the patient was scored using 
the ASA score (I–IV).
Statistics
Survival time was calculated as the time from primary hip 
arthroplasty to fi rst revision arthroplasty for any reason, death 
of the patient, or January 1, 2016. Standard Kaplan-Meier sur-
vival analysis leads to overestimation of revision rates (Keur-
entjes et al. 2012, Wongworawat et al. 2015). We therefore 
calculated crude (unadjusted) cumulative incidence of revi-
sion using competing-risk analyses (Keurentjes et al. 2012). 
We performed multivariable Cox proportional hazard regres-
sion analysis to compare adjusted revision rates between the 
different surgical approaches and femoral head size groups. 
Adjustments were made for age at surgery, sex, ASA score, 
fi xation (cemented, cementless, hybrid), and the time period 
during which surgery was performed, to discriminate inde-
pendent risk factors for revision arthroplasty. For all covari-
ates added to the multivariable Cox proportional hazards 
regression analyses, the proportional hazard assumption was 
checked and met. Survival analyses were stratifi ed by surgical 
approach and femoral head size groups. Reasons for revision 
were described for both the surgical approach and the femoral 
head size groups; comparison was done using the chi-squared 
test (SPSS 22.0). Any p-values below 0.05 were considered to 
be statistically signifi cant.
Funding and potential confl icts of interest
None of the authors have fi nancial or any other competing 
interests. No benefi ts in any form have been received or will 
be received from a commercial party related directly or indi-
rectly to the subject of this article.
Results
166,231 non-MoM THAs for primary osteoarthritis were 
performed and registered in the Netherlands between 2007 
and 2015. The majority of THA patients were aged between 
60 and 74 years, were women, were ASA II, and received a 
ceramic-on-polyethylene or a metal-on-polyethylene bearing 
with cementless fi xation and a 32-mm or 28-mm head (Table 
1, see Supplementary data). Most THAs were performed using 
the posterolateral approach (n = 100,823), followed by the 
straight lateral approach (n = 35,830), the anterior approach (n 
= 14,446), and the anterolateral approach (n = 12,744). Of the 
THAs performed with a posterolateral approach, 18% used a 
36-mm head. In contrast, in the anterior approach THA group, 
36-mm heads were used in 31%. Ceramic-on-ceramic cou-
plings were more often placed in patients who were operated 
using an anterior THA approach (27%) than in patients who 
were operated with other approaches (5–7%). 
Reasons for revision
The most common reasons for revision during the period 
2007–2015 were dislocation, loosening of the femoral compo-
nent, periprosthetic fracture, acetabular loosening, and infec-
tion (Table 2, see Supplementary data). In general, disloca-
tion and femoral loosening accounted for 50% of all revisions. 
The femoral head size and the primary surgical approach had 
a statistically signifi cant infl uence on the type of revision 
required. With 22- to 28-mm heads, the most common reason 
for revision was dislocation. For each approach, the burden of 
revisions for dislocation was reduced with larger heads. On 
the other hand, moving up from 28-mm to 32-mm to 36-mm 
heads increased the likelihood of revision for femoral loos-
ening. Posterolateral approaches in primary THA were more 
often associated with revision for dislocation, whereas the 
anterolateral and anterior approaches were more often associ-
ated with revision for femoral loosening. 
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Risk of revision due to dislocation
The overall risk of revision for dislocating THA was low. This 
(unadjusted) risk was 1.1% for 22- to 28-mm femoral heads 
during the six-year follow-up (Figure 1). THA with 32-mm 
heads showed a statistically signifi cantly lower risk of revi-
sion for dislocation (0.7%); 36-mm heads had a signifi cantly 
lower risk (0.5%) (Table 3). The overall 6-year revision rate 
for dislocation, stratifi ed by surgical approach, was 0.5–0.6% 
for either anterolateral, straight lateral, or anterior approach, 
while the unadjusted 6-year revision rate for the posterolat-
eral approach was 1.1% (p < 0.05) (Figure 2 and Table 3). 
With stratifi cation for head size, in the 22- to 28-mm head 
groups, the posterolateral approach showed a higher risk of 
revision for dislocation than the straight lateral and anterolat-
eral approaches, but there was no difference from the anterior 
approach (Table 3). In the 32-mm head group, the posterolat-
eral approach had a higher risk of revision for dislocation than 
all other approaches. With 36-mm heads, the risk of revision 
for dislocation was similar between the approaches. 
Table 3. Crude cumulative 6-year revision rates for dislocation, for any reason except dislocation, and for all causes, for patients who 
received a non MoM THA for osteoarthritis in 2007-2015 in the Netherlands, according to femoral head size group (n = 166,231)
 Straight lateral Posterolateral Anterolateral Anterior Total
 (n = 35,830) (n = 100,823) (n = 12,744) (n = 14,446) (n = 166,231)
Femoral head size 6-year RR (95% CI) 6-year RR (95% CI) 6-year RR (95% CI) 6-year RR (95% CI) 6-year RR (95% CI)
22–28 mm
 Dislocation 0.74 (0.60–0.92) 1.37 (1.23–1.51) 0.75 (0.55–1.02) 0.99 (0.62–1.57) 1.11 (1.02–1.21)
 Any cause except dislocation 1.97 (1.37–1.72) 1.66 (1.51–1.82) 2.47 (2.05–2.97) 3.26 (2.52–4.23) 1.93 (1.80–2.10)
 All causes 2.73(2.43–3.06) 3.05 (2.85–3.27) 3.32 (2.84–3.88) 4.25 (3.39–5.32) 3.07 (2.91–3.23) 
32 mm
 Dislocation 0.46 (0.34–0.61) 0.89 (0.79–1.00) 0.35 (0.21–0.58) 0.31 (0.18–0.55) 0.72 (0.65–0.80)
 Any cause except dislocation 2.06 (1.47–1.80) 1.91 (1.75–2.09) 2.42 (1.96–2.98) 1.74 (1.10–2.74) 1.99 (1.86–2.13)
 All causes 2.53 (2.23–2.86) 2.82 (2.63–3.03) 2.81 (2.32–3.40) 2.05 (1.38–3.05) 2.72 (2.57–2.88) 
36 mm
 Dislocation 0.36 (0.23–0.57) 0.68 (0.53–0.88) 0.15 (0.04–0.62) 0.32 (0.16–0.63) 0.52 (0.43–0.65)
 Any cause except dislocation 2.63 (2.76–2.14) 2.51 (2.19–2.88) 3.31 (2.34–4.67) 3.15 (2.36–4.21) 2.67 (2.42–3.00)
 All causes 3.05 (2.53–3.67) 3.22 (2.86–3.63) 3.46 (2.48–4.84) 3.47 (2.65–4.54) 3.22 (3.00–3.52) 
All sizes
 Dislocation 0.57 (0.49–0.67) 1.05 (0.98–1.13) 0.51 (0.39–0.66) 0.59 (0.40–0.86) 0.85 (0.80–0.91)
 Any cause except dislocation 2.18 (2.00–2.37) 1.96 (1.86–2.08) 2.64 (2.33–3.00) 2.91 (2.44–3.46) 2.13 (2.05–2.22)
 All causes 2.75 (2.55–2.97) 3.01 (2.89–3.15) 3.15 (2.81–3.53) 3.50 (2.98–4.09) 3.01 (2.91–3.12)
RR: revision rate; 95% CI: 95% confi dence interval. 
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Figure 1. Crude cumulative hazard of revi-
sion due to dislocation, according to head 
diameter, in non-MoM THA in patients with 
osteoarthritis in the Netherlands in the period 
2007–2015 (n = 166,231).
Figure 2. Crude cumulative hazard of revi-
sion due to dislocation, according to surgical 
approach, in non-MoM THA in patients with 
osteoarthritis in the Netherlands in the period 
2007–2015 (n = 166,231).
Figure 3. Crude cumulative hazard of revision 
for any reason except dislocation, according 
to head diameter, in non-MoM THA patients 
with osteoarthritis in the Netherlands in the 
period 2007–2015 (n = 166,231).
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Risk of revision for other reasons
Apart from dislocation, there are other reasons for revision of 
a primary THA—such as femoral loosening and periprosthetic 
fractures. The crude 6-year risk of revision for these other rea-
sons was comparable for 22- to 28-mm and 32-mm head sizes 
(1.9–2.0%); 36-mm heads had a signifi cantly higher risk of 
revision (2.7%) (Figure 3 and Table 3). Revisions for all other 
reasons were more common with the anterior and anterolateral 
approaches than with the posterolateral approach: the crude 
risk of revision was 2.9% and 2.6%, respectively, as opposed 
to 2.0% (p < 0.05) (Figure 4). When we stratifi ed for head size 
in the 22- to 28-mm head groups, the anterolateral approach 
and especially the anterior approach showed a statistically 
signifi cantly higher risk of revision for other reasons than the 
posterolateral and straight lateral approaches (2.5% and 3.3% 
as opposed to 1.7% and 2.0%) (Table 3 and Figures 5 and 6). 
In the 32-mm and 36-mm head groups, the risk of revision 
for other reasons was similar for all 4 surgical approaches. 
The overall risk of revision for any reason within 6 years was 
statistically signifi cantly lower with 32-mm heads (2.7%) than 
with either 22- to 28-mm heads or 36-mm heads (3.1% and 
3.2%, respectively). The overall risk of revision for any reason 
was highest with the anterior approach (3.5%), and lowest 
with the straight lateral approach (2.7%) (Table 3).
Multivariable analysis: risk of revision due to dislocation
Since the risk of revision can be infl uenced by case mix and 
prosthetic fi xation, we also performed multivariable survival 
analyses, adjusted for age, gender, ASA score, fi xation, and 
time period of primary THA. These analyses (Table 4A, see 
Supplementary data) showed that the risk of revision due to 
dislocation was around 60% higher for 22- to 28-mm femo-
ral heads than for 32-mm femoral heads (hazard ratio (HR) 
= 1.6). This was true for all 4 approaches. However, the data 
suggested that there was a higher relative risk of revision for 
dislocation when using a 22- to 28-mm head with anterolateral 
and anterior approaches (HR = 2.8 and 2.4), compared to the 
posterolateral and straight lateral approaches (HR = 1.5 and 
1.8). 36-mm heads reduced the risk of revision for dislocation 
by around 40% (HR = 0.6) relative to 32-mm heads. When 
stratifi ed by approach, this was only statistically signifi cant 
for the posterolateral approach. The posterolateral approach 
resulted in higher revision rates due to dislocation compared 
to all other surgical approaches (HR = 1.0 vs. 0.5–0.6) (Table 
4B, see Supplementary data); this difference was signifi cant 
for head sizes of 22 to 28 mm and 32 mm, but not for 36 
mm. Cemented THA reduced the risk of revision for disloca-
tion by about 20% compared to cementless fi xation. Age did 
not affect the risk of revision for dislocation. Males had an 
increased risk of revision for dislocation, as did patients with 
an ASA class of II or higher (Table 4A, see Supplementary 
data). 
Multivariable analysis: risk of revision for other reasons
Femoral head sizes of 22 to 28 mm and 32 mm had a compa-
rable risk of revision for any reason except dislocation, while 
36-mm femoral head THAs had a 16% increased risk (Table 
5A, see Supplementary data). Stratifi ed by approach, a 36-mm 
head (and 22- to 28-mm head) had an increased risk of revi-
sion (HR = 1.5) but only when the anterior approach had been 
used. The posterolateral approach was associated with a sig-
nifi cantly lower risk of revision for any reason except dislo-
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Figure 4. Crude cumulative hazard of revi-
sion for any reason other than dislocation, 
according to surgical approach, in non-
MoM THA patients with osteoarthritis in 
the Netherlands in the period 2007–2015 
(n=166,231).
Figure 5. Crude cumulative hazard  of revision 
due to dislocation or for any reason except 
dislocation, according to femoral head size of 
non-MoM THA implanted with the direct ante-
rior approach, in patients with osteoarthritis in 
the Netherlands in the period 2007–2015 (n = 
14,446).
Figure 6. Crude cumulative hazard of revi-
sion due to dislocation or for any other 
reason, according to femoral head size of 
non-MoM THA implanted with the postero-
lateral approach, in patients with osteo-
arthritis in the Netherlands in the period 
2007–2015 (n = 100,823).
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cation, compared to the anterolateral and anterior approaches 
(HR = 1 vs. 1.2). Stratifi ed by head size (Table 5B, see Supple-
mentary data), this was signifi cant only for the 22- to 28 mm 
head group. Cemented and hybrid THAs showed a 40% lower 
risk of revision for other reasons compared to cementless 
fi xation, whereas reversed hybrid fi xation had an even higher 
risk of revision (HR = 1.4), mainly when the anterolateral 
approach had been used. Younger patients (< 60 years) had 
increased risk of revision (HR = 1.3), as did males and patients 
with higher ASA classifi cations (Table 5A, see Supplementary 
data).
Discussion
Despite the fact that our knowledge of risk factors has 
improved and the treatment options have also widened, a dis-
locating THA is still a major problem. We used data from the 
Dutch Arthroplasty Register (LROI) to investigate 2 major 
determinants of THA dislocation, femoral head size and sur-
gical approach, and compared their effect on the risk of THA 
revision for dislocation with their effect on the risk of THA 
revision for other reasons, at 6-year follow-up. Our data show 
that the revision rate for dislocation after THA in the Nether-
lands is acceptable (around 1%), but that it is higher for pri-
mary THAs inserted using a posterolateral approach, and for 
22- to 28-mm femoral head sizes. However, the risk of THA 
revision for any reason other than dislocation was highest after 
the direct anterior approach (2.9%) and lowest after the pos-
terolateral approach (2.0%). 
Surgical approach
One of the major changes that has occurred in hip arthroplasty 
in the past few years is the increased interest in the direct 
anterior approach. A possible reason may be the claim of less 
tissue damage and faster rehabilitation. Whether or not this is 
the case, at 1- to 3-year follow-up these possible advantages 
did not result in better patient-reported outcomes when com-
pared to the posterolateral approach (Amlie et al. 2014). Sev-
eral studies have suggested that there is a reduced risk of dislo-
cation with the anterior approach relative to the posterolateral 
approach (Dudda et al. 2010, de Geest et al. 2015, Higgins 
et al. 2015, Sheth et al. 2015). This has also been reported in 
studies comparing the (antero-) lateral approach and the pos-
terolateral approach (Arthursson et al. 2007, Lindgren et al. 
2012). Our data confi rm that there is a lower risk of revision 
for dislocation with the anterolateral, anterior, and straight lat-
eral approaches than with the posterolateral approach. Even 
so, the absolute risk of revision due to dislocation was small in 
all groups (around 0.5–1%). In the anterior and anterolateral 
approach groups, the major reason for revision was aseptic 
loosening of the stem. We hypothesize that the femoral expo-
sure with the anterior approach is diffi cult, and may result in 
a femoral fracture or in the choice of a slightly undersized 
stem. This in turn might lead to failed ingrowth of the stem 
or to aseptic loosening. Similarly, Panichkul et al. (2015) also 
found more stem revisions after the anterior approach than 
after the posterolateral or straight lateral approach. 
Due to the recent popularity of the anterior approach, a 
growing number of patients were treated with this approach. 
To compensate for a learning curve, we excluded a number of 
cases. A study based on the Australian Orthopaedic Associa-
tion National Joint Replacement Registry concluded that 50 
or more procedures would have to be performed by a surgeon 
before the rate of revision was no different from when per-
forming 100 or more procedures (de Steiger et al. 2015). Even 
with the exclusion of the fi rst 150 patients at each hospital, 
we still found that the 6-year risk of other revisions (i.e. revi-
sions other than for dislocation) was highest with the anterior 
approach. 
Femoral head size
Increasing femoral head diameter is another method for reduc-
ing dislocations in THA. A larger-diameter head reduces the 
risk of dislocation due to greater jumping distance and a 
greater range of motion before impingement (Howie et al. 
2012, Stroh et al. 2013). In clinical practice, larger heads 
became popular because of metal-on-metal bearings. These 
bearings did indeed lead to fewer dislocations, but resulted in 
pseudotumors and other severe complications (Zijlstra et al. 
2011, Van der Veen et al. 2015). Since then, the use of large 
(> 38-mm) heads declined, partly based on advice from the 
Netherlands Orthopaedic Association regarding large-head (≥ 
36-mm) MoM bearings (Verheyen and Verhaar 2012), while 
the use of 32-mm and 36-mm heads increased (LROI Report 
2015). In the present study, increasing the head size from 28 
mm to 32 mm resulted in reduction of the risk of revision for 
dislocation. A further increase in head size to 36 mm resulted 
in further reduction of risk. Our results confi rm those of other 
studies comparing dislocation rates with various femoral head 
sizes (Bystrom et al. 2003, Berry et al. 2005, Bistolfi  et al. 
2011, Hailer et al. 2012, Howie et al. 2012, Kostensalo et al. 
2013). Sariali et al. (2009) also showed mathematically that 
jumping distance increases with increasing head size (from 22 
mm to 36 mm), lowering the risk of dislocation. With much 
larger heads, there was no further increase in jumping distance. 
Possible drawbacks from increased head size in polyethylene 
liners might be increased wear of the liner and increased taper 
corrosion. Polyethylene crosslinking should hopefully combat 
this problem, and taper corrosion may be less likely if ceramic 
or oxidized zirconium heads are used instead of metal heads. 
Nonetheless, increasing head size will result in a thinner liner, 
which may make it more vulnerable to damage or breakage 
(Ries and Pruitt 2005). 
One limitation of our study was that there were no data on 
non-surgically treated THA dislocations. For that matter, THA 
dislocations were probably present also in the “other reasons 
for revision” group. Secondly, the LROI has no radiological 
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data, which would enable comparison of component position 
between groups. We are aware of the fact that dislocations can 
have multiple causes, but retrieving the relevant data in all 
cases is impossible; we therefore chose revision due to dislo-
cation as a reliable endpoint. Finally, no functional and pain 
results (PROMs) are reported (Amlie et al. 2014).
To summarize, we found that revisions for dislocation after 
THA were more frequent after posterolateral approach THA 
and when using a 22- to 28-mm femoral head. Switching to 
another surgical approach can therefore reduce revision rates 
for dislocation, but at the expense of higher rates of revi-
sion for other reasons, especially with the direct anterior and 
anterolateral approaches. The risk of revision for other rea-
sons (mainly femoral loosening) was highest with the ante-
rior approach and lowest with the posterolateral approach. 
This effect was present despite our exclusion of the fi rst 150 
anterior hip approaches at each hospital. Patients and surgeons 
considering these approaches should therefore be cautious 
about this increased and previously unreported risk. Using 
larger femoral heads can also combat dislocation risk. Our 
data show that for all approaches, the use of 32-mm heads 
reduced revisions for dislocation substantially compared to 
the use of 22- to 28-mm heads. Furthermore, 32-mm heads 
did not increase the risk of revision for other reasons. For the 
posterolateral approach, 36-mm heads could safely reduce the 
risk of revision for dislocation further. This can be considered 
in patients who are at higher risk of dislocation, such as ASA 
III–IV patients and male patients.
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